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Abstract 
Location based services suggest resources (Fuel station, Restaurant, ATM stations etc.) to the users based on the 
query location during mobility. In case of nearest neighbor query, the list of resources represents those that are within 
a specified range from the query location. The query may be executed either in Euclidean space or based on road 
network. It may happen that the list has both usable and unusable number of resources. Also in case of road network 
based query execution, if there exist some resources that are not available in the road based resource database, they 
may not be added to the resource list. It becomes essential to suggest the most appropriate resources and the 
suggestion process requires certain pruning strategies to be applied over the query process. This paper focuses on 
considering travel path and direction of resource related to query point for refining the list of resources. In this regard, 
we suggest the use of polar tree combined with the travel direction to yield a refined list. 
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1. Introduction 
Location Based Services (LBS) offer mobile services, where geographic location (i.e., spatial 
coordinates) is used to enables the services to the users. Examples of such services include Tracking and 
Monitoring, Information and Navigation. With the rapid development of mobile technologies, these 
services are made available in handheld devices such as PDAs, smart phones, cell phones and laptops. 
Providing such mobile services to the travelers (e.g. tourists, visitors, commuters etc.) is enabled through 
dedicated navigation devices such as GPS and cellular data connections such as GSM/GPRS. Through 
LBS, a mobile user can enjoy numerous benefits by linking entities of his/her interest during movement 
[1][2].  
static point of interest such as a restaurant or fuel station. Some applications of LBS are enabling child 
tracking or friend finding services that depend on finding the relative distance between two mobile users 
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identified w.r.t. a predefined proximity distance.  
Direction between both (i) mobile user and static resource or (ii) mobile user and dynamic resource is 
represented center pole cp. 
resource and dynamic resource) are directionally closer if the included angle acpb is bounded by an 
angle  (Fig 1).  
 
Fig. 1. proximity w.r.t. direction 
Mobile user receives the list of resources (points of interests) based on spatial proximity
between resource locations and his/her location using mobile queries. Let us consider a query 
is 
contains the resource details from all the directions w.r.t. query point. In this situation, if the user poses a 
query during journey, the result of the query (i.e., the list of suggested resources) may not be completely 
useful to the user. In this connection, the entire retrieved resources w.r.t. query not only depends on their 
spatial proximities to the user but also their locations in different directions. 
To consider the above situation, the following pruning strategies are discussed in this paper for 
suggesting the useful resources to the mobile user. (i) We have combined both Euclidean space E and 
metric space R information (i.e., location information related to resource, user etc.) for suggesting the 
resources to the moving users (mobile requesters) considering traveling direction and distance. (ii) When 
considering the moving direction of mobile user, the resources that are available in the downward 
direction (w.r.t. query point) are removed from the suggestion list of resources.   
2. Direction Based Surrounder Queries 
Identifying the resources within a range for mobile queries depend both on distance and direction 
parameters related to the query location and the resource location. Nearest neighbor queries where 
direction is also given importance is the main focus of this work. Also motivated 
appropriate list of resources considering the distance and direction parameters.  
An example for a DBS query is depicted in Fig 2. Let R1  R6 be the nearest resources surrounding the 
query point q in the space S. The resource R1 is a better choice than R2 if R1 is closer to q and they are 
directionally close  In general, resources in a space S may be defined over Euclidean space E 
and/or road network R i.e. S  {E, R}. Xi Guo et.al deal with two types of queries namely E-DBS queries 
that focus on queries in the Euclidean space and R-DBS queries for road network based queries. 
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Fig. 2. DBS query                                                                             Fig. 3. E-DBS query related details 
For an E-DBS query, a set of resources with their distances and direction details w.r.t. Euclidean space 
are shown in both graphical and table forms in Fig 3 and Table 1. 
Table 1. Resource details in E-DBS environment 
Resource Distance  Direction 
t 8 55° NE 
s 3 38° NE 
u 2.5 105° NW 
v 4.5 152° NW 
k 5.6 221° SW 
j 3.4 295° SE 
 
For an R-DBS query, a set of resources with their distances and direction details w.r.t. metric space 
(road network) are shown in both graphical and table forms in Fig 4 and Table 2.  
                                                                                        Table 2. Resource details in R-DBS environment 
Resource Distance Way Point Direction 
p 9 {v1} N 
r 12 {v3,v2} NE 
s 8 {v3} E 
m 10 {v1} S 
n 7 {v3} SE 
Fig. 4. R-DBS query related details          
For E-DBS queries, the direction of a resource R1 w.r.t. q is defined using the vector which originates 
from q and ends in R1. In case of R-DBS queries, the direction of a resource R1 is defined based on the 
shortest path from q to R1.  
The idea behind this paper is to suggest as many no. of resources as possible combining both the road 
network based and Euclidean space based resources. In this regard, the proposed methodology suggests 
the use of polar tree approach with pruning strategies to enhance the suggestion of resources. 
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3. Background 
Xi Guo et.al mainly focus on identifying resources that lie in all directions w.r.t. the query point [3]. 
In such a case, it may happen that the list has both usable and unusable number of resources. Unusable, in 
the sense that, the traveler may not access the resource as the travel direction is different. 
In general, DBS query is a kind of multi objective query which identifies objects considering multiple 
attributes. Multi-objective queries are also called skyline queries [4]. Xi Guo et. al. have discussed the 
direction-based spatial skyline queries (DSS queries) in Euclidean space for retrieving nearest objects 
around the user from different directions. The closer object is better than or dominates the other objects if 
they are in the same direction [5]. Huang et al. have proposed a spatial skyline query problem in road 
network environment. In their work, data points signify intermediate locations (e.g., gas station) that a 
user needs to visit temporarily on his/her way to a given destination. Skyline points are found to balance 
distances of intermediate locations and detours arose by visiting intermediate locations [6]. 
Lee et al. [7 9] have discussed the nearest surrounder (NS) query for retrieving moving users and 
moving objects from all non-linear moving directions, where each object is in the nearest neighborhood 
of the query point w.r.t. an angular range. Papadias et al. have discussed the Incremental Euclidean 
Restriction (IER) and Incremental Network Expansion (INE) algorithms for identifying k-NN w.r.t. 
network distance. IER exercises the Euclidean distance as a lower bound for pruning during the search, 
and INE performs a [10][11]. 
S. Shekhar and J. S. Yoo have proposed In-Route Nearest Neighbor Queries (IRNN) for users who 
drive over a fixed path routinely. IRNN queries focus on finding nearest neighbor with the minimum 
detour distance from the fixed route. The authors made the assumption that a driver will return to the 
route after going to the nearest facility (e.g. gas station) and will continue the journey along the previous 
route. In their work, the resource suggestion is done based on the users past traveling details [12].  
Extension of the IRNN query is discussed by Zaiben Chen et. al [13], for identifying the k-path 
nearest neighbors (k- Best-first Network Expansion (BNE) 
algorithm. In their work, the user needs to input the destination name. But in our paper, we aim to provide 
the list of nearest neighbors to the mobile users without asking the destination details. 
A graph embedding technique has been proposed by C. Shahabi et.al. for converting a road network to 
a high-dimensional Euclidean space and then the approximate k-NN was found [14]. Kostas Patroumpas 
and Timos Sellis have introduced a spatiotemporal access method, namely PolarTree, which is used to 
maintain object headings of interest to a given focal point. The authors have particularly focused on 
continuously monitoring object orientations and hence detect situations where many objects get closer to 
or move away from any such focal point [15].  
This paper focuses on identifying the resources for moving users in spatial (Euclidean space combined 
with road network) environment by considering traveling direction and proximity using polar tree with 
pruning strategies. 
4. Proposed Polar Tree Based Pruning For LBS 
Most of the NN query related works have assumed that the suggestion of resources retrieved from 
either Euclidean space or road network. Kostas et.al have discussed about K-NN query using polar tree 
mechanism for suggesting the points of interest to the service user considering all the directions (in 
Euclidean space) [15].  
The suggested resource list may have both usable and unusable number of resources. The idea of the 
proposed system is to minimize the searching time and number of node access for providing usable 
resources to the mobile users considering users' movement direction, road network resources and 
Euclidean space resources.  
The implementation process of the proposed method involves the following steps: 
- Preparing the resource list including road network resources and Euclidean space resources. 
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- Suggesting the most appropriate resources based on certain pruning strategies using polar tree 
and polar mapping including travel path and direction of resource related to the query point. 
4.1. The Polar Tree Index 
Polar tree is an access method that can be used to index the moving users in particular area Z. Using 
the polar tree, the area Z can be partitioned into non-overlapping polar sectors such as A, B, C, D, E and 
F (Fig 5).  
         
Fig. 5. polar mapping and polar sectors                                   Fig. 6. polar tree with M=3 
Dividing the sectors into smaller convex sectors as depicted in Fig 6, will be useful for assigning 
resources at the nodes of a hierarchical tree. Here, the angles below each node signify their distinctive 
bisector Ø. Nodes at all levels contain the points of interest in both internal nodes as well as terminal 
nodes. The focal scope is subdivided into non-overlapping portions. In fact, an internal node with radius r 
represents a portion bounded by two 2r around the center point [15]. 
Each sector of an area Z is measured by an angle. Then, the moving direction (towards north, east, 
etc.) of mobile user from past location (xn-1, yn-1) to current location (xn, yn) is identified through angular 
measurements with respect to a fixed direction. The angular measurement considers the slope of the 
line segment (connecting these two locations) in counter clockwise direction with respect to the positive 
x-  . Generally,  is equal to: 
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The calculated value of slope  is used for signifying the direction of the vector from past position to 
the current position. The function arctan gets the values in a range [  and we add the term 
negative slopes, because  ]. 
In general, polar tree is a binary tree with the following properties: 
- The root node is empty and represents the scope R of the center point cp. 
- Each polar sector of a circle centered at cp is represented by a node. The polar sectors have radius r 
and angle Ø. For instance, C is the only sector in Fig 5 with radius 2r and bisector at Ø /4. 
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- The root always has two children each with radius R (the focal scope) and every internal node has 
two children (leftChild and rightChild) each with radius 2r . 
- T every internal node where size is determined by its level in the tree is divided 
into two equal parts which are its children. For instance, nodes at level l = 1 are the children of the 
 /2, Ø) and that of its right child is 
). 
- If a bisection occurs at a leaf node that already has maximum number of entries M, a overflow 
happens. So the leaf node becomes an internal node with two new children. Entries of the original 
node may be assigned to its children, if their distances from cp qualify to the specifications of the 
new leaf nodes. 
4.2. Polar Mapping 
Mapping is based on distance d and direction resource within the scope of center pole cp. 
Every qualified resource is mapped into a polar circle w.r.t center pole cp and radius R (scope), as 
represented in Fig 5. The aim of these polar coordinates is not just for positioning the resources related to 
center pole cp, but their directions around the center pole [15]. 
4.3. Pruning Algorithm 
Procedure pruneResources( ) 
Begin 
 // QL  Query location, where the query is initiated 
QL ; 
T getAngle(QL, PL); // PL  Past Location 
 // getAngle method is used to determine an included angle T 
L1 getResources(RNR,T); // RNR  Road Network Resources 
getResources(ESR,T); // ESR  Euclidean Space Resources 
L ʹǢ// getResources method is used to get all the resources      
End. 
 
The basic idea of the algorithm is summarized as follows: 
- Identify the resource from both Euclidean as well as road network environment based on the 
moving direction with increasing order of the distances. 
- For each resource
moving direction. i.e., the retrieved resources must be both 
Euclidean as well as road network environment 
- For each resource, determine whether it is located in the traveling path or closer to it. 
- Finally, a list of resources (Res) is suggested to the requested users. 
 
The list 
point q using polar tree mechanism (where downward directions of resources are not considered). The 
significance of this algorithm is that resources 
other algorithm). 
ctly in the 
considered. Then, the list of resources is 
pruned w.r.t. moving direction of users and also considering nearest path resources.    
5. Experiments 
In this section, the experimental evaluation related to the suggestion of resources based on pruning is 
discussed. For both Euclidean space E and road network R, we use the real datasets, with their properties 
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summarized in Table 3. It consists of 30,755 points in [0, 500] × [0, 500] space. Three datasets namely 
ds1, ds2 and ds3 are considered with different densities in [0, 500] × [0, 500] space corresponding to 
Tiruchirappalli region of Tamilnadu, India. Here density means how many points fall into one square unit 
in average. The points in each real dataset are distributed randomly.  
Table 3. Datasets 
Dataset No. of Resources Density 
ds1 2500 .03 
ds2 5000 .06 
ds3 10000 .08 
 
The dataset is indexed in R-Tree and the algorithms are implemented in java and experiments are 
conducted on an Intel Core2 Duo 2.93 GHz PC with 4GB RAM running windows XP.  
5.1. Results 
First, we evaluate the performance of access time related to retrieve the appropriate resources w.r.t. 
query point. Here, we consider the number of resources based on the moving path of a mobile user and 
path nearest neighbors. In this regard, the proposed methodology has been compared with the existing 
methodology (i.e., without pruning) by using the same dataset and the comparative results are shown in 
Table 4 followed by Fig 7.  
Table 4. Comparison  Nodes Access Time  
Dataset 
Time in seconds 
Without pruning With pruning 
ds1 0.12 0.05 
ds2 0.27 0.11 
ds3 0.43 0.18 
                                                                                                                  
                                                                                                                  Fig. 7. comparison  access time 
Here, we observe that the nodes access time is significantly reduced by using the polar tree with 
pruning mechanisms. Then, the performance of number of nodes access is evaluated for satisfying the NN 
query. The retrieval operation considers moving path of mobile users and path nearest neighbors. The 
comparative results are shown in Table 5 followed by Fig 8.  
Table 5. Comparison  No. of nodes Access 
Dataset Without Pruning With Pruning 
ds1 50 22 
ds2 85 38 
ds3 138 59 
 
 
                                                                                                                  Fig. 8. comparison  no. of nodes access 
Then, the number of resources retrieved from both environment resources (i.e. road network resources 
and Euclidean space resources) is analyzed and the comparison results are shown in Table 6 followed by 
Fig. 9. The list of combined resources is more useful to the mobile requesters. 
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Table 6. Comparison  Road Network Resources  
                             Vs Euclidean Space Resources 
Dataset 
No. of Resources (With pruning) 
Road Network 
Resources 
Euclidean Space 
Resources 
ds1 08 14 
ds2 16 22 
ds3 25 34 
 
                                                                                       Fig. 9. comparison  Road Network Resources Vs Euclidean Space Resources 
6. Conclusion 
The process of identifying nearest resources to the mobile users in a dynamic environment is 
travelling direction, road network resource database and 
Euclidean space resource database using the polar tree and pruning strategies. It is observed that the 
proposed methodology is used to produce the usable list of resources to the mobile requesters with less 
access time and less number of node access. By using the same set of data, the result of the comparative 
study is reported in this paper. 
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